T echnically speaking 


Designing your own pads, part 1 


By Harold Kinley, CET 


Attenuators and impedance-matching 
pads can be useful around the radio 
shop. 

Attenuators and pads are used for RF 
and audio applications. Eventually, you 
may need to build your own attenuator 
for a special purpose. Here are a few 
basics about attenuators and pads that 
will help you when you build your own. 

Pads are used for two basic purposes, 
impedance-matching and attenuation. 

Unfortunately, with resistive compo- 
nents, you cannot design an impedance- 
matching network without significant 
attenuation. As undesirable as the loss 
may be, it is unavoidable with resistive 
networks, 

Nevertheless, the attenuation often 
can be tolerated and must be taken into 
account when deciding whether or not 
a resistive pad is the best way to match 
impedance for a particular purpose. 


L-pads 

The simplest impedance-matching 
pad is the L-pad shown in Figure | 
below. 


Z, = 750 


Upon close examination, you will no- 
tice that this L-pad is nothing more than 
a simple voltage-divider network. It 
consists of two resistors: one arm resis- 
tor, Ra, and one /eg resistor, R,. 

This pad matches a 752 impedance 
with a 502 impedance. 

If you must design an impedance- 
matching resistive network with mini- 
mum loss, an L-pad is the proper 
choice. Only one set of values for Ra 
and R, satisfy an impedance match in 
both directions. 

The L-pad is said to be asymmetrical. 
This means that the impedance does not 
look the same from both directions. As- 
suming that a 75Q source is connected 
to Z; and a S502 load is connected to 
Z>, the source sees an impedance of 
752. 

Vice versa, when a 502 source is con- 
nected to Z3 and a 752 load to Z, the 
source sees an impedance of 502. Thus, 
the impedance match is bidirectional. 

When designing an L-pad, first run 
the formula in Figure | for minimum 
loss. If this amount of loss is intolera- 
ble for the application, the L-pad is 
unsuitable. 

Next. consider a matching network 


= / Z [z 
(1) Minimum loss (dB) = 20 oa ( on + hae! ) 
(2) Ra = V2;(Z;-Z2) 


Z12Z 
(3) Ru = “RO 


Figure 1. The simplest impedance-matching pad is the L-pad, which Is nothing more 
than a simple voltage-divider network. It consists of two resistors: one arm resistor, 


Ra, and one /eg resistor, Rx. 


using reactive components (inductors 
and capacitors). 

These sometimes are called lossless 
matching networks, though, in practice, 
a certain amount of insertion loss is in- 
evitable. The disadvantage of reactive 
component matching networks is that 
they are frequency-sensitive and more 
difficult to build. 

If an L-pad’s minimum loss is accept- 
able, then you can determine the arm 
and leg resistance values Ra and Ry 
from the Figure | formulas. In build- 
ing an L-pad such as the one in Figure 
1 (752/500), be sure to mark the two 
ports with the proper impedance label. 

Better yet, use an F connector for the 
75Q port and a BNC or other 502 con- 
nector for the 502 port. This will help 
to prevent reverse-connecting the L-pad. 

Figure I’s L-pad attenuation is ap- 
proximately 5.7dB. 

Important points to remember about 
the L-pad are: 

(1) It is asymmetrical—the im- 
pedance is different at each port. 

(2) It is used to provide an impe- 
dance match between two unequal 
impedances. 

(3) It cannot be used between two 
equal impedances if an impedance 
match is to be maintained in both 
directions. 

(4) It cannot be used as an attenua- 
tor to provide more or less than the loss 
provided by the Figure | formula and 
still provide an impedance match in both 
directions. 

(5) It is unbalanced. 


T-pad 

Some of the L-pad’s shortcomings can 
be overcome with a T-pad. 

Figure 2A on page 49 shows a T-pad. 
It can be used between equal im- 
pedances to provide any degree of at- 
tenuation and still maintain an im- 
pedance match in both directions. 


(continued on page 49) 
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(continued from page 8) 


T-PAD H-PAD 
(UNBALANCED) (BALANCED) 


A T-pad also can be used to provide 
a bidirectional impedance match be- 
tween two unequal impedances and pro- 
vide an attenuation equal to or greater 
than the loss provided by Figure 1's 
minimum-loss formula. 

The minimum-loss formula applies to 
T-pads only when the input and output (A) 
impedances are not equal. 

Notice that the T-pad has two arm Lemus enna 


resistances (R,) and a single leg resis- (4)Ra = Z () 
tance (R,). The Figure 2 formulas can ok 
be used to calculate Ra and R;, only (5)RL = Z (4 
he i i ances ; 
ns i seit: nien: see (6) where: K = 10 (48/20) = antilog (dB/20) 


(dB = desired attenuation) 


The T-pad is unbalanced. It is sym- 
Z = system impedance 


metrical when the input/output im- 
pedances are equal. With unequal in- 


put/output impedances, it is : 
asymmetrical Figure 2. The T-pad (A) can be used between equal impedances to provide any degree 
I sess bei at of attenuation and still maintain an impedance match in both directions. It can be used 
mportant points to remember about tg provide a bidirectional impedance match between two unequal impedances and pro- 


a T-pad are: vide an attenuation equal to or greater than the loss provided by Figure 1's minimum- 
(1) It is unbalanced. loss formula. The H-pad (B) exhibits all of the T-pad’s characteristics, except it is 
balanced. 
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(2) It is symmetrical when the in- 
put/output impedances are equal. 

(3) It is asymmetrical when the in- 
put/output impedances are unequal. 

(4) The minimum-loss formula ap- 
plies with unequal input/output 
impedances. 

(5) The minimum-loss formula does 
not apply with equal input/output 
impedances. 


SIMPLY THE 


(6) It can provide a greater loss than 
the simple L-pad and still provide a bi- 
directional impedance match. 


6dB T-pad calculation 

To design a T-pad for 6dB attenua- 
tion, use the Figure 2 formulas. 

First, find the K factor to use in the 
formula for Ra and Ry. 

To find the K factor, use formula 6 
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in Figure 2. For 6dB attenuation, the K 
factor is: 


K 


= antilog (6/20) 


It 


antilog (0.3) 


1.995, rounded to 2.0 


Substituting for K in formula 4: 


Ra 


= 50[(2 — 1)/(2 + 1)] 


It 


50(1/3) 


= 50/3 


16.72 


Substituting for K in formula 5: 


= 50[(2 x 2)/2? — 1)] 


50(4/3) 
= 200/3 
= 66.72 


H-pad 

The H-pad exhibits all of the T-pad’s 
characteristics, except it is balanced. 

It consists of four arm resistances 
(Ra) and one leg resistance (R;,_). (See 
Figure 2B.) The arm resistances each 
are one-half of the equivalent T-pad 
value. 

A 6dB H-pad can be made using the 
above calculations. Simply divide the 
arm resistances calculated for the T-pad 
(16.72) by 2 to get the H-pad arm resis- 
tance. Thus, the H-pad equivalent is 
four arm resistances of 16.7/2 or 8.40 
each. 

The leg resistance remains the same, 
66.70. 


7-pad 

The x-pad exhibits the same charac- 
teristics as the T-pad. 

It is called a w-pad because it is 
shaped like the Greek letter 7. (See Fig- 
ure 3A on page 52.) The Figure 3 for- 
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7-PAD 
(UNBALANCED) 


If Z; = Zz then: 


mre = z ($= 


K+1 
(8) Ri = 2 («+ ) 
(6) _________-___where: K = 10 (¢8/20) = antilog (dB/20) 


(dB = desired attenuation) 
Z = system impedance 


O-PAD 
(BALANCED) 


R,/2 


Figure 3. The x-pad (A) exhibits the same characteristics as the T-pad (Figure 2A). It 
is called a x-pad because it is shaped like the Greek letter x. The Figure 3 formulas 
apply only when the input/output impedances are equal. The O-pad (B) is the balanced 
counterpart of the x-pad. All other characteristics are the same as the x-pad. The arm 
resistances each are one-half of the equivalent x-pad value. 


mulas apply only when the input/out- 
put impedances are equal. 


6dB z-pad calculation 
To design a 6dB z-pad, first find the 
K factor. (See formula 6 in Figure 3). 
The K factor is the same as it was for 
the 6dB T-pad design previously shown: 
2.0. 
Substituting into formula 7: 


Ra 
= 50[(22 — 1)/(2 x 2)] 


50(3/4) 


= 150/4 


= 37.52 


= 50[(2 + 1)/(2 - 1)] 


= 50(3/1) 


150/1 


1502 


O-pad 


The O-pad is the balanced counter- 
part of the x-pad. (See Figure 3B.) 

All other characteristics are the same 
as the 7-pad. The arm resistances each 
are one-half of the equivalent w-pad 


value, 
To design a balanced 


6dB O-pad, 


simply divide the 6dB z-pad arm resis- 
tance by 2. This is 37.5/2 = 18.750 for 
each arm resistance shown in Figure 3B. 

Next month you will see how z-to-T 
and T-to- transformations are used to 


design and simplify 
matching pads. 


impedance- 


Construction and testing of resistive 
attenuator and matching pads also will 


be covered. 


i 
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Designing your own pads, part 2 


By Harold Kinley, CET 


Attenuators and impedance-matching 
pads can be useful around the radio 
shop. 

Attenuators and pads are used for RF 
and audio applications. Eventually, you 
may need to build your own attenuator 
for a special purpose. 

In February’s column, a few basics 
about L-pads, T-pads and z-pads were 
discussed that will help you when you 
build your own. 

The conversion of T-pads to 7-pads 
and z-pads to T-pads can help you re- 
duce a combination of L-pad and 7-pad 
or T-pad to one simple equivalent 7-pad 
or T-pad for impedance matching. 


Conversions 

Here is how to convert 7-pads to T- 
pads and vice versa, 

Figure 1A shows a T-pad with resis- 
tance labeled Ry, Ry and R3. An 
equivalent z-pad is shown at 1B. 
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the South Carolina Forestry Commission, Spar- 
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and Testing Techniques, Prentice-Hall, 1985. 


The z-pad resistances are labeled R,, 
Ry and R,. The figure’s formulas can be 
used to convert from a T-pad to an 
equivalent z-pad and vice versa. 

Using an electronic calculator with a 
memory function, it is easy to apply the 
formulas. Notice that in converting from 
T-pads to 7-pads, the numerators are the 
same for each resistance calculation. 
The numerator can be stored in the cal- 
culator’s memory and reused for each 
resistance calculation. 

In the x-pad to T-pad conversions, the 
denominators are the same for each re- 
sistance calculation. For these conver- 
sions, the denominator can be stored in 
memory for reuse. 


Practical application 

Figure 2A is a simple L-pad. 

The L-pad is used to match a 75Q im- 
pedance to a S502 impedance. This pad 
attenuates the signal by approximately 
5.7dB. Because this is an odd value, it 
might be desirable to change the attenu- 
ation to an even value, such as 10dB. 

It would be impossible to build an L- 
pad to provide a bidirectional 750/500 
impedance match at a 10dB loss. 
Nevertheless, by using a z-pad with an 
attenuation of 4.3dB in cascade with the 
L-pad, an equivalent T-pad with 10dB 


Ra = Ailes Fifa + Ais 


RiyR2+R2R3 +RiR3 
K} 


— __RyRo+ReR3+RiR3 
BR aa 


— RaRb 
% Ra + Rp + Re 


RpRe 
oe Ra +Rp + Re 


eS RaRc 
nt Ra +Rp + Re 


attenuation can be derived. 

A a-pad with 4.3dB attenuation is 
shown in Figure 2B. The L-pad and z- 
pad are connected in cascade. (See Fig- 
ure 2C.) Notice that Ry of the L-pad 
and R, of the w-pad are connected 
directly in parallel. 

These two resistances can be replaced 
with a single 600 resistance, R,, shown 
at Figure 2D. Upon further examination 
of Figure 2D, you will notice that a new 
a-pad has emerged. It consists of 
resistances R,, Ry and Rg. 

Using the conversion information 
from Figure 2, the 7-pad at Figure 2D 
can be transformed into a T-pad, as 
shown at Figure 2E. 

Upon further examination of the 
resulting pad at Figure 2E, you will no- 
tice that the two series resistances R, 
and R, can be combined into a single 
resistance of 48.62 as shown at Figure 
2F. 

A simple asymmetrical T-pad has 
evolved from the combination of the L- 
pad at Figure 2A with the w-pad at Fig- 
ure 2B. The resultant T-pad maintains 
a bidirectional impedance match and 
provides the desired 10dB attenuation. 

Although there are formulas to use to 


(continued on page 79) 


Figure 1. A T-pad with resistance labeled R;, Rz and R3 is shown at 1A. An equivalent x-pad is shown at 1B. The x-pad resistances 
are labeled Ra, Rp and Re. The figure’s formulas can be used to convert from a T-pad to an equivalent z-pad and vice versa. 
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60x258 _ gan 


60+25.8+206,1 


25.8x206.1__ _ 4g. 90 


60+25.8+206.1 


__60x206.1_ 
60+25,8+206.1 


= 42.40 


Figure 2. The process of evolution from 2A to 2F can be handled on a simple calculator to design a hybrid pad with 10dB loss. 
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design the resultant T-pad at Figure 2F, 
they are complex and cumbersome to 
handle. The process of evolution shown 
in Figure 2 is easier to handle on a sim- 
ple calculator and actually may be faster. 


Construction 

In building a simple attenuator or 
matching pad, it is important to use pre- 
cision resistors. 

Resistors with 1% tolerance should 
produce an attenuator with sufficient ac- 
curacy. Metal film resistors are pre- 
ferred over composition resistors to pro- 
vide better operation at high 
frequencies. 

A power rating of ‘/sW to /sW 
should be sufficient, unless you acciden- 
tally key the transmitter into the pad. 
Keep lead lengths quite short, especially 
if you are building a pad to use with RF. 

Use a good-quality, shielded con- 
struction box, such as the cast alumi- 
num type. The box should be as small 
as possible. 

With asymmetrical pads, be sure to 
mark or otherwise identify each port’s 


impedance. 

When using the various pad formu- 
las, you inevitably will come up with 
some odd resistance values. You may 
have to use various combinations of 
resistors in series-parallel to achieve the 
desired resistance value, Use your 
imagination, 


Testing the pad 

The first step in pad testing is to ter- 
minate one port with the proper resis- 
tance and then measure the resistance 
at the other port. 

Then repeat the procedure at the oth- 
er port. 

The old, familiar L-pad from Figure 
2A appears again in Figure 3B. Here it 
is being tested with a dc voltage for the 
proper loss at de. 

This particular pad should show a 
5.7dB loss. This does not mean that the 
voltage measured at one port is going 
to be 5.7dB below the voltage at the oth- 
er port. The voltage at the 502 port will 
be 0.423 times the voltage applied to the 
75Q port. 


Using the decibel formula: 


dB 


20log(Eo/E;), we have: 


dB = 20log(0.423) = —7.47dB. 

Nonetheless, because the impedances 
at the two ports are different, it is neces- 
sary to apply a correction factor. 

The correction factor is: 

dB (correction) 

= 10log(50/75) 

= —1.76dB 


Subtract this correction figure from 
the previous calculation of —7.47 to get: 


-1.47 — (-1.76) 
= -1.47 + 1.76 
= -571dB 


This is the actual attenuation of the 
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Figure 3. If you are testing a pad for use at RF frequencies, set up the test as shown 
in 3A. The old, familiar L-pad from Figure 2A appears again in 3B. Here It is being tested 


with a de voltage for the proper loss at dc. 


L-pad of Figure 3B. The pad’s attenua- 
tion is bidirectional. 

> De loss test—To perform the de 
loss test as illustrated in Figure 3B, you 
must know the ratio of voltage output 
to voltage input. 

For equal input/output impedances, 
the ratio is found as follows: 


V, = antilog(—dB/20) 


For a 6dB pad with equal im- 
pedances, the calculation is: 


Vr 


antilog (— 6/20) 


0.501. 


For the L-pad at Figure 3B, the deci- 
bel loss figure is the sum of the pad loss 
(—5.7) plus the correction factor 
(—1.76), which equals —7.46dB. 

Substituting yields: 

Vv 


r 


antilog (— 7.46/20) 


0.4236 


i] 


In performing the de voltage test on 
a pad, be sure that the voltage level you 
use does not exceed the power-handling 
capability of the resistors used to con- 
struct the pad. Usually a 1.5V battery 
is a good choice. 

As shown in the illustration, a resis- 
tance equal to the port impedance is 
connected in series with the voltage sup- 
ply. The actual voltage applied across 
the input port is one-half of the supply 
voltage. 

If the pad passes the ohmmeter and 
de voltage checks, it probably is going 
to be fine to use at least at audio fre- 
quencies. If you are testing a pad for use 
at RF frequencies, set up the test as 
shown in Figure 3A. 

> RF loss test—Connect an RF sig- 
nal generator with a 50Q output im- 
pedance to a 6dB T-pad with 500 input 
and output impedances. Connect a 
good-quality RF voltmeter first across 
the input port and record the RF volt- 
age reading. Move the voltmeter to the 
output port and record the voltage 
reading. 

Attenuation is determined by the 
formula: 


= 20log(Eo/E;) 
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No correction factor is needed be- 
cause the voltage readings are taken at 
the same 502 impedance. 

If you do not have a sufficiently ac- 
curate RF voltmeter, use an RF demod 
probe in conjunction with a de voltmeter 


according to the following method. 

Measure the input port's RF voltage. 
Adjust the generator level to produce a 
known reference reading on the volt- 
meter. Record the reference reading and 
the signal generator output level. 
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Move the RF probe to the output port 
and increase the signal generator out- 
put level to produce the reference level 
on the voltmeter. Read the new signal 
generator level, It should be 6dB above 
the first generator level. If not, the pad 
is not suitable for use at this RF fre- 
quency. 

As the RF operating frequency in- 
creases, it becomes more difficult to 
build an attenuator pad that produces ac- 
curate results. Inductive and capacitive 
effects cause mismatches, and the 
VSWR increases. 

Leakage past the attenuator becomes 
a problem, invalidating the attenuation 
rating. The problem can be avoided to 
some extent by making attenuators with 
less attenuation per unit and then con- 
necting two or more together to achieve 
the desired attenuation level. 

Leakage around the attenuator be- 
comes more pronounced at higher at- 
tenuation levels. At UHF frequencies, 
such problems quickly become prohibi- 
tive. Commercially built, resistive at- 
tenuators rated for use to IGHz and 
above incorporate special compensating 
inductors and capacitors along with spe- 
cial resistors to extend the frequency 
range. 

A computer program that aids in the 
design of all these types of pads, includ- 
ing T-to-z and z-to-T transformations, 
is available for $5, plus $2 shipping and 
handling. Write the author at P.O. Box 
15178, Spartanburg, SC 29302. 4m 


Propagation analysis software for your PC gives you the fast, easy, economical way to sce 
the sites for your transmitting antenna without leaving your computer, 
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\\ * Multi-color 2-D and 3-D plots of field strengths, received power 


NY\: ZY levels, and terrain elevations on your VGA screen or plotter. 


| * Programs RPATH™ and SHDMAP" for point-to-point and area-wide 
' propagation analysis including terrain obstacle loss 
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+ Effective for FM and TV broadcast, paging, cellular, two-way 
radio, MMDS, SMR, PCN and microwave. 
* 3 and 30 arc second terfain databases for the 
the US. on diskettes or a single CD-ROM. } 
* NEW! Open format capability for 
accessing a variety of international 
terrain databases. 


Send for our free brochure today. 3-D Plot of field strength 


EDX ENGINEERING, INC. 


PO. Box 1547, Eugene, OR 97440, 503/345-0019 
FAX 503/345-8145 
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